Phase I clinical trials exploring the use of autologous mesenchymal stem cell (MSC) therapy for the treatment of multiple sclerosis (MS) have begun in a number of centers across the world. MS is a complex and chronic immune-mediated and neurodegenerative disease influenced by genetic susceptibility and environmental risk factors. The ideal treatment for MS would involve both attenuation of detrimental inflammatory responses, and induction of a degree of tissue protection/ regeneration within the CNS. Preclinical studies have demonstrated that both human-derived and murine-derived MSCs are able to improve outcomes in the animal model of MS, experimental autoimmune encephalomyelitis. How MSCs ameliorate experimental autoimmune encephalomyelitis is being intensely investigated. One of the major mechanisms of action of MSC therapy is to inhibit various components of the immune system that contribute to tissue destruction. Emerging evidence now supports the idea that MSCs can access the CNS where they can provide protection against tissue damage, and may facilitate tissue regeneration through the production of growth factors. The prospect of cell-based therapy using MSCs has several advantages, including the relative ease with which they can be extracted from autologous bone marrow or adipose tissue and expanded in vitro to reach the purity and numbers required for transplantation, and the fact that MSC therapy has already been used in other human disease settings, such as graft-versus-host and cardiac disease, with initial reports indicating a good safety profile. This article will focus on the theoretical and practical issues relevant to considerations of MSC therapy in the context of MS.
Clinical disability in multiple sclerosis (MS) is thought to be due to combined injury to oligodendrocytes and myelin (which normally facilitate rapid conduction along axons), and irreversible axonal loss. Following demyelination, some recovery of oligodendrocytes or differentiation of oligodendrocyte precursor cells (OPCs) can contribute to a degree of remyelination and restoration of neurological function. Repeated bouts of inflammatory demyelination followed by remyelination in part contribute to the clinical course of relapsing-remitting MS (RRMS). Axonal loss, which is already apparent early in disease, is particularly evident at sites of active inflammation, but also occurs more diffusely, and contributes to the development of permanent disability. With time, the underlying accumulation of injury results in progression of neurological disability, which has been referred to as secondary progressive MS (SPMS). Approximately 10-15% of patients with MS present with a progressive disease from onset (without experiencing remitting phases) and are referred to as having primary progressive MS (PPMS).
A large body of evidence supports the hypothesis that RRMS is an autoimmune disease mediated by autoreactive T cells capable of recognizing antigens normally compartmentalized in the brain. This self-recognition event may first occur in peripheral lymphatic tissue in response to brain antigens leaking from the CNS, or by molecular mimicry, a process whereby pathogens express antigens that, upon presentation by MHC molecules, bear a structural resemblance to human CNS antigens (for a review, see [1] ). A growing array of immunomodulatory and immunosuppressive therapies are being used in the clinic for treating RRMS with increasing success, but have not been established as effective treatments for the progressive forms of MS. Thus, there continues to be a substantial unmet need for an MS therapy or combination therapy that can both abrogate the immune-mediated injury, as well as provide a degree of CNS tissue protection, and ideally, support functional regeneration of both myelinating and neural cells.
Mesenchymal stem cells: a versatile therapeutic tool
Mesenchymal stem cells (MSCs) have been referred to as mesenchymal stromal cells, marrow stromal cells and multipotent stromal cells, terms that reflect their tissue location and complex behaviors. The term 'mesenchymal' was initially used to indicate localization within the mesenchyme, a loose connective tissue present during development in the embryo or in adult dental pulp. While 'mesenchymal' remains a commonly used term, MSCs have since been found in almost all adult tissues, including bone marrow and adipose tissue. In their undifferentiated state, MSCs have a fibroblast-like appearance and are referred to as stromal cells. They provide substrate and growth factors to support neighboring cells, such as hematopoeitic stem cells in the bone marrow niche [2] . MSCs also have a multipotent stem cell capacity; with the appropriate cues, they readily differentiate into mesodermallineage products, such as adipose, cartilage and bone cells. In an effort to establish a consistent term, 'multipotent mesenchymal stromal cells' has been proposed by a panel of experts [3] .
Their diverse functional capacities, and the ability to readily isolate, expand and manipulate them ex vivo, as well as their ability to traffic from blood to sites of tissue injury, have fueled much interest in MSCs as a potential therapeutic tool. Other advantages of MSCs are that they have been proven to be relatively safe in non-human primates and humans [4] [5] [6] , and exhibit low immunogenicity compared with other types of stem cells [7] [8] [9] , making them somewhat more amenable to allogeneic transplantation, although most proposals for use in autoimmune diseases have involved autologous cells. MSC-based therapies are now being explored in a host of neurological conditions [10] , non-neurological autoimmune diseases [11] and nonautoimmune peripheral tissue injuries [5, 12, 13] .
Lessons from experimental autoimmune encephalomyelitis
Experimental autoimmune encephalomyelitis (EAE) is an animal model typically involving rodents and sometimes non-human primates that models some aspects of MS. It can be generated through the peripheral activation (or passive administration) of CNS-antigen reactive T cells, resulting in multifocal inflammatory CNS demyelination, axon loss and the emergence of neurological signs. While experiences with EAE have not always been predictive of the outcome in patients with MS, there are nonetheless several insightful lessons regarding MSCs that can be gleaned from the EAE studies. In two pioneering studies, bone marrow MSCs derived from either mice or humans injected intravenously (iv.) into mice were shown to ameliorate EAE disease signs and pathological features [14, 15] . The central observation of those studies has since been reproduced by several groups using rodents with a variety of genetic backgrounds, and using a range of myelin antigens to induce EAE by active immunization or adoptive transfer of disease-causing T cells [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] . MSCs are effective in treating EAE models that follow a 'chronic' (nonremitting) uniphasic disease course, as well as models that follow a relapsing-remitting disease course [14, 20] . While many of the EAE studies used bone marrow-derived MSCs, other tissue sources of MSCs ameliorate EAE, such as adipose-derived MSCs [20] and human exfoliated deciduous teeth-derived MSCs [24] . Allogeneic MSCs can also attenuate EAE; however, the potential for transplant rejection and graft-versus-host disease dampens the enthusiasm compared with autologous MSCs [26] . Another limitation in treating EAE is that bone marrow-derived MSCs are only effective when given before disease onset, yet have little effect if given after the disease has stabilized [14, 16] . Much of the current research effort is aimed at further elucidating the mechanisms of action of MSCs, in order to understand how best to harness their therapeutic potential in the context of MS.
Mechanisms of therapeutic effect of MSCs
While there is little doubt that MSCs ameliorate EAE signs, the mechanisms by which they achieve this outcome continue to be debated. Three main hypotheses have been proposed. The first hypothesis is that MSCs modulate the immune system in such a way as to limit the potentially autoreactive responses that would cause tissue damage in the CNS. This hypothesis has garnered the most support from experimental results. The second hypothesis is that MSCs secrete neuroprotective factors, and stimulate endogenous repair mechanisms in the CNS that counteract ongoing tissue degeneration. The third hypothesis is that MSCs transdifferentiate into brain cells leading to cell replacement; however, most of the current evidence indicates that this is not a robust phenomenon.
MSCs modulate the immune system
It is widely reported that T-cell proliferation can be robustly inhibited by MSCs [7] [8] [9] 17, 24, [27] [28] [29] [30] [31] [32] [33] . MSCs can inhibit both CD4 and CD8 T-cell proliferation, and have been shown to inhibit T lymphocytes derived from a variety of species, including human, nonhuman primates and rodents. The ability to inhibit T-cell proliferation appears to be quite general, as T cells activated with a number of paradigms, including CNS antigens presented by antigen presenting cells, polyclonal (antigen-nonspecific) stimulators, such as lectins or anti-CD3 antibodies, or allogeneic stimulation in mixed lymphocyte reactions, are all inhibited by MSCs. An exception to this generalized effect is one report showing that recall antigens B. pertussis or tetanus toxoid were not inhibited by MSCs, despite an effect on allogeneic stimulation in the same study [9] .
Mesenchymal stem cells possess a wide array of molecules that can impact T-cell biology. T-cell proliferation can be inhibited by MSCs in a contact-dependent manner that involves ICAM-1 and VCAM-1, two adhesion molecules expressed by MSCs [8, 33] . MSCs also secrete a variety of soluble products that have immuno-modulatory properties. In EAE, it was shown that a fragmented version of a chemokine receptor, CCL2, is critical for the ability of MSCs to inhibit disease [21] . Other molecules made by MSCs that have been demonstrated to inhibit T cells include indoleamine 2, 3-dioxygenase [28, 34] , nitric oxide [34] , prostaglandin E 2 (PGE 2 ) [35] , HLA-G [36] , HGF [27] , galectin 1 [37] and semaphorin 3A [37] . A role for TGF-β has been proposed, but remains controversial [27, 28, 34, 38] . Proteomic studies have uncovered an extensive array of molecules secreted by MSCs; the list includes cytokines, chemokines and growth factors [39] . The relative importance of these mechanisms and molecules continues to be explored [32] .
In addition to their effects on T-cell proliferation, MSCs can have a profound effect on Tcell differentiation. In EAE models, MSCs decrease proinflammatory Th1 and Th17 responses while promoting anti-inflammatory Th2 responses [14, 19, 21, 24, 35, 38] . How well animal studies will predict the effect on inflammatory T-cell responses is less clear. Preclinical studies using human T cells demonstrated that both fetal-and adult-derived human MSCs or their secreted products can paradoxically increase Th17 responses [40, 41] , a feature that is exaggerated when MSCs are pre-conditioned with a proinflammatory molecule (IL-1β) [41] . The reason for this discrepancy may relate to competing mechanisms of action; for example, MSCs can influence Th17 responses in vitro through cell contact or soluble mechanisms that appear to depend on relative cell densities. At higher ratios of MSC:responder T cells, they inhibit IL-17 production through cell contact, whereas at lower MSC:T-cell ratios, MSCs can actually increase T-cell production of IL-17, an effect that appears to be mediated by IL-6 [31] .
B-cell proliferation is also inhibited by MSCs; however, the proliferation block appears more selective than for T cells since proliferation of B cells in response to CpG (a mimic of pathogen-derived DNA) alone is refractory to MSC inhibition [38] , while proliferation towards a mixture of CpG and factors that reflect an adaptive response (CD40L, anti-Ig antibodies, IL-2 and IL-4) can be readily inhibited [42] [43] [44] . Other B-cell responses inhibited by MSCs include secretion of immunoglobulins (IgM, IgG and IgA), chemotaxis towards chemokine gradients and differentiation of B cells from bone marrow precursors [42] [43] [44] . Tregs, which are potent inhibitors of adaptive T-cell and B-cell proliferation, can also be regulated by MSCs in some settings [31, 35] , but the role of Tregs in the context of the MSC effect on EAE remains undefined [14, 38] .
Dendritic cell (DC) biology can be modified in a number of ways. MSCs suppress the ability of DCs to trigger T-cell proliferation through a mechanism that involves perturbations to the DC cytoskeleton, and reduced expression of antigen-presenting and costimulatory molecules [28, [45] [46] [47] [48] [49] . The production of potentially proinflammatory cytokines by DCs is inhibited by MSCs, while anti-inflammatory IL-10 is reportedly increased [35, 48, 49] . Differentiation and maturation of DC from monocytic precursors can also be blocked [46, 47] . The in vivo relevance of these well-documented in vitro phenomena remains to be established; in EAE, in vivo MSC therapy reportedly did not influence DC phenotype [14] . Macrophages appear similarly affected by MSCs, as are DCs, with skewing towards an anti-inflammatory cytokine profile and reduced antigen presenting function being reported [50] . Inhibition of natural killer cells, invariant NK T cells and γδ T cells by MSCs and MSC-secreted products, such as PGE 2 , has been reported [35, 38, 51] . The relevance that suppressing these types of cells might have in MS is unclear, as they have both protective and tissue-damaging roles. In summary, MSCs display a wide array of effects on the immune system (both innate and adaptive). These would appear to be, on balance, mostly anti-inflammatory, and thus would be predicted to limit new disease activity and improve the outcome of patients with MS.
Impact of the local microenvironment on MSCs' immunomodulatory behavior
An important consideration for MSC therapy in humans relates to the broad range of exposures that can modulate MSC biology and may be encountered in vivo in humans, which may be considerably more complex than the range of stimuli modeled in animal housing facilities. Preclinical work comparing MSCs derived from MS patients to healthy donor MSCs revealed that most biological parameters of MSCs were comparable between the groups. These parameters included the MSC proliferative capacity, a range of phenotypic markers, cytokine production, Toll-like receptor (TLR) responsiveness and importantly, their ability to inhibit T-cell and DC responses. One reported exception was that MS patient-derived MSCs produced significantly larger amounts of the chemokine CXCL10 (IP-10), which is capable of chemoattracting immune cells [52] .
There are likely to be other parameters that may distinguish response profiles of MSC documented in animals from those of human MSCs. The relevance of such differences to our ability to predict the impact of injecting MS patient-derived autologous MSCs into MS patients remains to be elucidated. Some of the factors that MSCs may encounter in vivo in humans could theoretically interfere with the ability of MSCs to inhibit the immune system; for example, MSCs express TLRs, such as TLR4, which responds to lipopolysaccharide (LPS) from Gram-negative bacteria, and TLR3, which recognizes double-stranded RNA, which is found in some viruses and can mimicked in the lab by the chemical poly I:C. The exposure of MSCs to LPS or poly I:C has been shown to reduce certain immunosuppressive properties of MSC, and induce the secretion of proinflammatory cytokines [53, 54] , including IL-6, which is known to contribute to the induction of Th17 responses that may be detrimental in MS [32] . In support of this are data from our laboratory (Figure 1 ), indicating that pre-exposure of human MSCs to either LPS or poly I:C can significantly enhance the capacity of MSCs to induce Th17 responses. The magnitude of the LPS effect was even greater than that previously described for IL-1β [41] . Another factor that may influence MSCs responses in vivo is ATP, a molecule released during tissue damage, which impairs the ability of MSCs to inhibit T-cell proliferation and enhances their secretion of proinflammatory cytokines [53] . On the other hand, other factors in the local microenvironment may augment the immunosuppressive effects of MSC, such as the stressinducible molecule NAD [55] and IFN-γ [33, 38] . Other proinflammatory factors that modify MSC immune properties include IFN-α/-β, TNF-α and SDF-1 (for a review, see [56] ).
Together, these observations further emphasize the point that predicting in vivo MSC behavior in humans who live in a highly variable 'dirty' environment is likely to be considerably more complex than in genetically inbred animals that are housed in specific pathogen-free environments. Careful monitoring of immune responses in patients will need to be conducted in clinical trials to measure disease-relevant immune responses, including T-cell proliferation and differentiation, as well as to assess factors that influence these responses.
MSC effects in the CNS: protection & repair
While most of the clinical effects in EAE are thought to be due to immune modulation in peripheral lymphoid tissue, emerging evidence also supports a therapeutic role for MSCs within the CNS [18, [57] [58] [59] [60] [61] . Upon iv. injection of MSCs, they will migrate predominantly to the lung, but a small fraction of cells make their way to other tissues, including secondary lymphoid tissue, bone marrow, as well as into the CNS [4, [62] [63] [64] . Migration of MSCs into the CNS may be more efficient in disease states, as shown in EAE where iv. injected MSCs are recruited to the site of injury, reportedly localizing to sites of demyelination even weeks after EAE induction; the actual numbers that reach the CNS even in this context appear to be quite small [19, 23] . Migration to the site of injury has also been observed in the context of other neurological insults, including ischemia and traumatic injuries [65] . A recent report using in vivo cell tracking techniques in patients with MS and amyotrophic lateral sclerosis was consistent with the notion that MSCs can migrate to the CNS [66] . The mechanisms by which MSCs migrate to the CNS and other other tissue injury sited continue to be studied; chemokines, such as fractalkine and SDF-1, have been implicated [67] . The ability of MSCs to traffic from blood into damaged/inflamed tissues is a potential advantage as a therapeutic agent such as this would obviate the need for CNS injections.
Since the number of MSCs that enter the CNS upon iv. injection is rather small, other routes of injection have been explored that would maximize delivery into the brain tissue [59, 68] . In one study, intracerebroventricular or intracerebroparenchymal injection attenuated mild EAE, although MSCs were ineffective in treating more severe EAE models when delivered in this manner [25] .
One rationale for introducing MSCs into the CNS relates to their apparent capacity to induce endogenous repair mechanisms and contribute to the release of protective factors. Evidence for this includes the observation that MSCs induce neuronal precursor cells to differentiate into oligodendrocytes [69] and will stimulate axon regeneration in a lysolecithin injury model [70] . These events appear to occur independently of the immune system, indicating that MSCs can act directly on endogenous repair systems. Upon iv. injection in EAE, MSCs migrated to sites of demyelination in the spinal cord, where their presence was associated with increased oligodendrogenesis, and also appeared to trigger endogenous neuronal precursor cell activity [19] . How MSCs might stimulate such repair is not fully elucidated, although it has been demonstrated that MSCs are capable of secreting neurotrophic molecules, such as BDNF, that may account for some of the regenerative effects [15, 19, 20] . To maximize the potential for tissue regeneration, transplantation strategies using a combination of both MSCs and neural precursor cells have been explored. Transplanting MSCs with oligodendrocyte precursor cells improved myelination in myelin-deficient shiverer mice [71] . In addition to stimulating endogenous repair, MSCs may provide a degree of protection against ongoing tissue injury in the CNS through mechanisms including switching microglia to a protective state, protecting neurons from apoptosis and attenuating oxidative tissue injury (for a review, see [60] ).
Despite such evidence for MSCs contributing to repair/protection within the CNS, the major clinical effect of MSCs in EAE is still likely to be due to immune modulation. Even in situations where MSCs are injected into the CNS, they appear to migrate to peripheral lymphoid tissues and inhibit T-cell activation [18, 19] . In one study where MSCs were manipulated to become neurotrophic factor secreting cells, they could prevent neuron death and attenuate EAE clinical signs, but were also found to potently inhibit T-cell activation [22] , making it difficult to ascertain the relative contribution of these distinct mechanisms. On the other hand, when MSCs were differentiated towards a neuronal lineage, they lost their ability to suppress T-cell proliferation, and no longer attenuated EAE [72] . Current effort is directed at optimizing both the immunomodulatory and neuroprotective potential of MSCs.
Little evidence for neural transdifferentiation of MSCs in CNS inflammatory injury
An initial reason for using MSCs was that they might transdifferentiate into brain cells. Early results supporting transdifferentiation in vivo were subsequently shown to reflect an artifact of cell fusion between MSC and endogenous brain cells (for a review, see [73] ). Since then, several investigators have found that MSCs do have the capacity to express oligodendrocyte, astrocyte and neuron phenotypic markers in vitro, as well as following injection into animals induced with EAE [18, 23, 72] . However, a recent study indicated that MSC fusion artifacts can be increased when EAE is induced [74] . Whether or not actual transdifferentiation can occur, it has still not been clearly demonstrated that phenotypic similarities of MSC to neural cells within the CNS can translate into functional replacement of lost brain cells within damaged tissue. Other arguments against transdifferentiation playing a major role in the observed benefits of MSC in EAE include the rapid onset of therapeutic effect of MSCs, which would appear to be inconsistent with the time needed for transdifferentiation to occur; the observation by a number of groups that relatively low numbers of MSCs reach the CNS even in the inflamed state; and the ongoing challenge that long-term engraftment of MSCs in the CNS has remained difficult to achieve (for a review, see [60, 61] ).
Expert commentary Will MSC injections have a sustainable effect?
Key unanswered questions relate to the durability and reversibility of the immunemodulating effects of MSC (e.g., inhibition of T-cell proliferation). The literature is not unanimous on this point; some studies indicate that the MSC-induced T-cell inhibition is reversible [8, 27] , while other studies suggest it is irreversible, reminiscent of classical anergy (a state of functional unresponsiveness) that can be released upon addition of exogenous IL-2 [7, 14] . The classical anergy model has also been challenged by a report showing that IL-2 could not release T cells from their unresponsive state [29] . There has been further evidence presented for 'split-anergy' induction by MSCs, as defined by a block in proliferation, but no effect on the production of effector cytokines (as shown for IFN-γ) or other early activation markers (CD25 and CD69) [29] . While the goal of treating autoimmunity remains inhibition of pathogenic immune responses, including those of T cells, such effects have to be tempered to avoid a more global immunosuppression that could manifest in failed immune competence. This point is particularly relevant since MSCs inhibit proliferation of both T and B cells in a fairly nonspecific manner that need not discriminate between autoreactive or antipathogen responses. It is encouraging that human recall responses to tetanus toxoid and B. pertussis may be less readily inhibited by MSCs, suggesting that immunological memory to prior pathogen exposure will not be affected [9] .
Delineating the precise effects of MSC and the durability of such effects on T-cell activation will be crucial in refining possible therapies that need to deal with ongoing aberrant T-cell responses, as well as de novo T-cell responses possibly against other brain antigens that may be released as the disease evolves from relapse to relapse. Would repeated MSC injection be required and if so, when? At the time of relapse? During remission, before T-cell activation against new brain antigens occurs? There is also emerging evidence that unexpected crosstalk exists between the immune system and MSCs. T lymphocytes and innate γδ T cells can directly kill MSCs through apoptotic or cytotoxic mechanisms [24, 51] . This observation is worth exploring further as it may have implications for the dosing of MS patients that already have a high level of baseline T-lymphocyte activation, which could rapidly kill MSCs.
The current consensus in the literature indicates that the main effects of MSCs relevant to treatment of RRMS relate to the peripheral immune modulatory capacity of MSCs (for which iv. injection may suffice). The potential capacity of MSCs to contribute to a protective and/or growth-promoting environment within the CNS is also worthy of defining in the context of MS, including whether such effects can be achieved with iv. administration or whether an intrathecal approach is much more efficient/necessary. Published protocols refer to both iv. and intrathecal injection of MSCs [66, 75, 76] . One notes that recent animal studies have shown that MSCs have the potential to form fibrous scar tissue in the brain, a process that is exacerbated by the proinflammatory environment that occurs during EAE [25] , underscoring the importance of carefully weighing the risks and benefits of the different approaches to MSC therapy as new data emerges.
Response to stem cell clinics: 'medical tourism'
An issue that has been much discussed in the lay press relates to the phenomenon of 'stem cell clinics', where patients may travel considerable distances to receive stem cells for a variety of conditions, including MS. This growing trend of so-called 'medical tourism' presents many difficulties to patients, caregivers, scientific communities and the national health systems that support them. Consensus statements have been released by leaders in the field that point out that any future use of stem cells, including MSCs, should be conducted in the context of organized clinical trials where robust design and sufficient follow-up allow for effective monitoring of both safety and efficacy outcomes, and where scientific studies can be incorporated to dissect the actual mechanisms underlying in vivo effects of intervention [59, 68, 77] . Other key elements that need to be established for the appropriate future use of MSCs in clinical trials include well-defined inclusion and exclusion criteria, carefully validated protocols for isolation, purification, storage and administration of MSC, and ethical reviews that take into consideration new data that influence the balance of risk and benefit for different types of MSCs therapy.
Five-year view
Mesenchymal stem cells have gone from the bench to the bedside in a relatively short period of time. Phase I clinical trial results have been reported for MSC therapy in graft-versus-host disease (for a review, see [6] ) and cardiac disease (for a review, see [5] ), with favorable safety profiles, but mixed clinical results. Some early experiences with MSCs in MS have also been reported in small studies that indicate a good safety profile [75, 76, [78] [79] [80] . A Phase II/III clinical trial using intrathecal and iv. injection of bone marrow-derived autologous MSCs reported headache and fever in the majority of patients, with no major side effects except the possible toxicity from dimethyl sulfoxide (the preservative used during MSC cryopreservation), and the authors demonstrated that T-cell proliferation to lectins was reduced in data pooled from amyotrophic lateral sclerosis and MS, but no significant clinical effect was found, albeit the study size and follow-up time were insufficient to draw any firm conclusions [66] . A Phase I clinical trial has been initiated at the Cleveland Clinic (OH, USA) using autologous iv. administered MSCs in patients with MS [81] , and extensive ancillary biological studies, including evaluation of in vivo effects of MSCs on MS-relevant immune responses, will be conducted in collaboration with the experimental therapeutics program at the Montreal Neurological Institute (Canada). A recent Phase IIA study plan was published for iv. transplantation of autologous MSCs in MS; the study will follow welldefined clinical and imaging parameters and is using a novel analysis of optic nerves to track CNS repair [82] .
As clinical trials proceed, desired milestones to be reached within the next 5 years will include a careful monitoring of immunological and neurobiological parameters in MS patients before and after MSC transplantation, focusing on responses that are the most relevant to MS including immune effects on Th1, Th2 and Th17 T-cell responses, as well as the impact of therapy on CD8 T cells, NK cells, B-cell responses and myeloid cell profiles. Biological measures in CSF may provide insights into the impact of MSC therapy on the balance of neuroinflammation and neurodegeneration and repair, for which correlation with selected clinical outcomes and particularly emerging brain imaging approaches, will be most informative. Relating the impact of therapy on clinical and imaging parameters to the profile and magnitude of MSC effects on immunological responses, and careful consideration of individual patients, as well as monitoring adverse reactions that could include infections or immune responses that may indicate a proinflammatory environment (i.e., Th17 increases) will be paramount. Ancillary paraclinical studies of interest would be ones to examine MS patient blood samples and MS patient-derived MSCs, to determine whether the desired immunomodulation occurs when MS patient T cells are used as the responders or whether MS patient-derived MSCs attenuate potentially damaging proinflammatory T-cell responses as compared with healthy control MSCs. These studies would further elucidate the relative immune modulatory capacity of MS-derived MSC and the relative responsiveness of MS patient-derived immune cells to MSC effects, helping to dissect relevant therapeutic mechanisms of MSCs and most effectively adapt this promising approach to the MS spectrum. If results indicate that MSCs are safe and well tolerated in MS patients, then future clinical trials will be planned to address, in a more definitive fashion, the efficacy of treatment. Conditioned media collected from MSCs that received no prestimulation (none), or from MSCs that were prestimulated with poly I:C or LPS, were added to a Th17 differentiation assay. The Th17 differentiation assay used primary human peripheral blood mononuclear cells, activated with anti-CD3 and a differentiation cocktail, including IL-23, anti-IFN-γ and anti-IL-4. The percentage of Th17 + CD4 T cells was determined by ICS for IL-17A, and surface staining for CD4. The amount of secreted IL-17A was determined by ELISA. Data pooled from six independent experiments are expressed as the change relative to the Th17 responses of the differentiation assay, when no MSC media was added (control). MSC conditioned media significantly increased Th17 responses as compared to control (p-values shown). The statistical analysis was performed using student t-test. ICS: Intracellular cytokine staining; LPS: Lipopolysaccharide; MSC: Mesenchymal stem cells; Poly I:C: Polyinosinic:polycytidylic acid.
